Abstract We report our results after ten year follow-up of 107 consecutive ABG-I hip prostheses implanted between June 1990 and December 1992: Only 84 prostheses were still in the study after ten years, but only six patients had undergone surgical revision. We can consider our clinical outcomes as excellent, with a whole-implant survival rate greater than 96%, a mean Merle D'Aubigne and Postel score increasing from 7.97 before operation to 16.17 at ten year follow-up, and a personal subjective assessment as excellent or good in 82.14% of patients. However, radiographic outcomes are more worrying: around 90% of patients show a stress-shielding phenomenon and granulomatous lesions in the proximal femur, and more than 82% suffer polyethylene wear greater than one millimetre (mean 1.68 mm). We think that zirconia stem heads and hooded antiluxation PE inserts are determining factors in the process of PE wear and, secondarily, in cancellous bone resorption and bone osteolysis.
Introduction
The great expansion of prosthetic hip surgery in the 1970s and the 1980s was shadowed by osteolysis secondary to cement degradation and polyethylene (PE) wear.
The first cementless designs failed earlier than cemented ones; strain transmission across the sharp edges of the acetabular cup brought about early failure; straight stems developed a progressive phenomenon of stress-shielding. Both problems were impaired by osteolysis due to PE particles.
New designs, alloys and surface coatings have been developed since the end of the 1980s. Shorter and proximally wider femoral stems, some of them anatomically designed with or without porous coating, hemispherical acetabular implants and new friction couples are continuously improving clinical outcomes. However, the radiographic results are not evolving as favourably as the clinical results. Femoral stress shielding does not disappear, and periprosthetic osteolysis is more intense than in cemented designs.
Materials and methods
We present a prospective study of a cementless anatomical hydroxyapatite (HA)-coated hip prosthesis, the ABG system (Howmedica Europe, Staines, UK). Metallic implants are made of Ti 6 Al 4 V. The HA-coated (60μ) proximal third of the femoral stem has a macro-relief scaled surface; the distal part has a grit-blasted surface and tapers slightly; proximal rotational stability is helped by means of the metaphysis filling and a global 12°anteversion in the coronal plane (7°in the metaphyseal portion and 5°in the neck). The exact-fit hemispheric acetabular cup is totally HA coated and has 12 holes for spikes or screws. All the femoral stem heads but three (Francoball) were made of zirconia, and all but one (22 mm) were 28 mm in diameter.
We studied the survivor implants after ten years' followup. All patients consented to participate in the study. We evaluated them preoperatively (demography, diagnosis, functional score) and postoperatively at three and six months and then annually until the ten year follow-up. Clinically we applied the Merle D'Aubigne (MDA) score [17] , and also recorded the patients' subjective assessment of the outcome as excellent, good, fair, poor or bad. Radiographically we evaluated the bone response to implants and the possible osteolysis secondary to PE wear. We measured:
-The preoperative anatomy of both the hips.
-The size and position of the acetabular cup, according to the distance between the anatomical and the prosthetic rotation centre: correct if <3 mm; high, low, medial or lateral if >3 mm. We also recorded the position of the inner antiluxation hood. -The size and position of the femoral stem was considered: adequate (distance between the limit of the femoral stem and the inner side of the cortices at the metaphysis is 3 mm), small (>3 mm), and large (<3 mm). -The bone response to implants at De Lee-Charnley [5] and Grüen and McNeice [8] zones: cancellous bone densification and resorption, cortical thickening or thinning, reactive lines (thin radiodense lines parallel to and separated by less than 2 mm from the implant), and radiolucent images (>2 mm and without relationship to any radiopaque area) around implants, cyst (scalloped image >2 mm diameter at the prosthesis interface), and pedestal images around the distal tip of the femoral stem. -PE wear was analysed according to Livermore et al. [12] ; its direction from the centre of the acetabular cup was (+) if medial and (−) if lateral.
Statistical analysis was performed using the Chi-square method for categorical data and comparison of percentages; Student's t test was used for the comparison of means for isolated or between pairs related data as appropriate, with Pearson correlation. The level of significance was set at p<0.05.
Results

Epidemiology
Between June 1990 and December 1992, we implanted 107 prostheses into 95 patients: 53 males (55.41%) and 42 females (44.59%), with mean ages of 57.73 and 62.71 years respectively. Side distribution was: 50.47% right and 49.53% left (12 bilateral). The processes responsible for joint destruction were: 74 osteoarthritis (77.57%), 14 avascular necrosis (14.95%), and seven rheumatoid arthritis (7.48%).
Surgical technique
The postero-lateral approach was used in all patients but one. All the PE inserts were either posteriorly or posterosuperiorly hooded.
At 10-year follow-up 84 hip prostheses remained in the study: 14 patients (14.73%) had died (three bilaterally implanted), and six prostheses (5.61%) were surgically revised, although only four for loosening (four acetabular cups and one femoral stem).
Clinical outcomes
The mean MDA score increased from 7.97 before operation to 16.17 at ten year follow-up; 36 patients (42.86%) had a score of 18; 63 (75%) had no pain, 57 (67.86%) maintained total mobility, and 42 (50%) were able to walk unrestrictedly despite their advanced mean age and comorbidity; 21 (25%) had some minor pain. The average mobility was: flexion 95.8°, extension 0°, abduction 31.5°, adduction 12.8°, external rotation 26.3°, and internal rotation 8.7°. Fifty patients (59.52%) showed leg asymmetry [<1 cm in 40 (47.62%) and >1 cm in ten (11.90%)]. The subjective global results were excellent in 46 patients (54.76%), good in 23 (27.38%), fair in seven (8.33%), poor in five (5.95%) and bad in three (3.57%); more than 82% of patients retain almost normal joint function after ten years follow-up.
Radiographic outcomes
We report only those findings relevant for the objective of this paper.
Implant size and position
Implant size and position are shown in Table 1 .
Thirty-nine patients (46.4%) showed contact between the femoral stem and proximal cortices immediately after the operation: 21 (25%) with the medial cortex, and 18 (21.4%) with the lateral cortex. Stem alignment in the femoral canal was almost constant throughout the study; none of them had more than 4°valgus and only one more than 5°varus at ten year follow-up. In the lateral view, 63 patients (75%) had the stem in neutral position, 17 (20.2%) showed distal contact with the posterior cortices, and four (4.8%) with the anterior.
The mean height of the top of the stem from the tip of the great trochanter was 1.27 mm (range −12.33 to 13.15; SD 5.16) immediately after operation, 2.99 mm (−12.33 to 11.92; SD 5.43) at the one year follow-up, and 4.72 mm (−9.86 to 13.97; SD 5.38) at the ten year follow-up; this involves a progressive femoral stem subsidence that was 2.05 mm (−0.82 to 6.57; SD 1.87) and 3.76 mm (0-10.68; SD 2.43) at one year and ten year follow-up. Crosscorrelation analysis demonstrated a relation, albeit not quite significant, between femoral stem size and subsidence: the small size showed less subsidence (1.53 mm and 3.02 mm at one and ten year follow-up; difference 1.49 mm) than the adequate size (2.31 mm, 4.04 mm; difference 1.73 mm), and the large size (2.28 mm, 4.15 mm; difference 1.87 mm).
Polyethylene wear displayed a mean value of 0.69 mm (0-2.05; SD 0.45) and 1.68 mm (0.31-4.50; SD 0.86) at five and ten year follow-up; the mean values of volumetric wear were 348.63 mm 3 (0-1038.56; SD 228.68) and 849.66 mm 3 (158.06-2278.6; SD 434.59). Cross-correlation analysis showed a significant relation between more intense PE wear and low position of the acetabular cup (p=0.038) only at the one year follow-up. We also observed intense PE wear in acetabular cups with opening angle >46°, and in patients younger than 65 (<55 years old: −0.5918 and −0.8340 mm; 55-65: −0.5325 and −1.3107 mm; >65:−0.475 0and −1.1504 mm) at both the one year and the ten year follow-up, but the differences were not significant.
Bone response to the implants
Progression of cancellous bone growth and resorption around the acetabular cup are shown in Figs. 1 and 2 . We found neither reactive nor radiolucent lines. However, we observed growing granulomatous lesions (Fig. 3) . Crosscorrelation analysis showed low incidence of cystic lesions in zone 1 of the acetabulum in patients older than 65 years at the time of implantation, both at one year (p=0.315) and at ten years (p=0.034). Some non-significant relations showed very interesting tendencies: the incidence of cystic lesions in zone 1 was higher than expected, both at the one year and the ten year follow-up, in patients with the acetabular cup in a low position.
The evolution of cancellous bone growth and resorption around the femoral stem from the first to the tenth year follow-up are shown in Figs. 4 and 5. Progression of reactive lines and pedestal images around the femoral stem at the one year and the ten year follow-ups are shown in Table 2 . We did not find radiolucent lines around the femoral stem. However, we observed granulomatous lesions around its proximal areas (Table 3) .
Cross-correlation analysis showed only few significant findings. Patients with large femoral stems had a lower incidence of bone growth in zone 6 at ten year follow-up than patients with normal stems. We did not find any significant correlation with the presence of cystic lesions around the femoral stem, although it was higher than expected in zone 1a at the ten year follow-up in patients younger than 55 at the time of implantation.
Discussion
Given the survival rate of our implants we agree with other authors [4] who consider the stem fixation more reliable than that obtained for the acetabular cup.
Clinical outcomes were very satisfactory: 82% of our patients considered their functional situation excellent or good at ten year follow-up.
Radiographically, as with other authors using this implant [9] we did not observe acetabular cup migration. We think that porous coating improves the interlocking by acetabular bone [4] and that HA coating accelerates bone growth through the micro-porous surface and improves contact [22] between host bone and implant, avoiding migration. Surprisingly we found a progressive subsidence of the prosthetic stem into the femoral canal, frequent with non-anatomical tapered stems but unexpected in an anatomical HA-coated implant. We found no statistically significant correlation to explain this phenomenon, but undersized stems subsided less than adequate and oversized ones.
On the other hand, we detected PE wear in many more patients than expected. The mean wear amounts to 0.168 mm per year, similar to that reported by Charnley (0.10-0.19 per year) [3] and similar to or less than others with cementless systems [10, 23] .
In contrast to other authors [10] we found no significant correlation between PE wear and patients' gender or age, although it was clearly more intense in young men. However, it may be influenced by excessive vertical load transmission. We also detected more intense PE wear in patients fitted with zirconia heads. Frictional heating of PE cups articulated with zirconia heads has been previously reported as responsible for accelerated PE wear [13] . In any case, two issues may be decisive in the origin and evolution of this problem: (1) all our patients were implanted with a hooded PE insert that facilitates the repetitive contact between the stem neck and the prominent PE; (2) this contact can be responsible for a dragging movement of the femoral head over the interior surface of the insert [9] . Both of these factors accelerate PE wear.
Despite the anatomical design of the stem and the HA coating of the implants, the bone response to them was unexpected and disappointing: femoral stress shielding was present in around 90% of patients (Fig. 1) , a higher incidence than that obtained with femoral stems fixed either proximally [19] or distally [1, 16] or even with HAcoated implants [4] . In contrast to the findings of Engh et al. [6] with AML implants, progressive proximal bone resorption did not stop after the two year follow-up but increased continuously (Fig. 2) , as observed with other non-anatomical [1, 7, 18] and anatomical [11] devices, and even more than that reported by the multicentre International ABG Study Group [9, 25] . Proximal bone resorption was systematically associated with a parallel process of distal cancellous bone growth (Fig. 1) and cortical thickening that affected progressively more distal zones (zones 2-6 at one year, zones 3-5 at ten years). We found no significant correlation between bone resorption and either the presence of granulomatous lesions around the implants or more intense rates of PE wear. The percentage of reactive lines around the tip of the stem decreased from 43% at one year follow-up to 11% at ten years; this is also attributable to the progressive femoral stress shielding process, although femoral stem subsidence, not recorded by the International ABG Study Group [9, 25] , could also be implicated. The statistical analysis of possible causes of stress shielding showed a lower incidence of cancellous bone growth in medial and proximal femoral zones in patients fitted with oversized femoral stems than in those with adequate or undersized stems. We interpret this as a consequence of excess distal load transmission by oversized stems, which is less effectively counteracted if there is less cancellous bone between the stem and the cortical bone in proximal areas [24] . On the other hand, in the AP Fig. 3 Granulomatous lesions around the acetabular cup at 1-and 10-year follow-up view we observed a lower incidence of bone resorption at the ten year follow-up in medial overloaded zones (femoral stem in varus) than in underloaded stems. In these cases overload transmission probably protects against the deleterious effect of some factors such as preoperative low bone density [19] , decreased proximal blood supply during surgery [2, 21] , and the funnel shape of the proximal femur of some patients [9] .
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Bone response to the implant in the acetabulum was better. We found progressive bone resorption in the three zones of De Lee and Charnley [5] . Cancellous bone growth was less frequent and clearly decreasing in zone 1, while it remained more or less similar in zones 2 and 3.
We agree with the hypothesis that migration of PE wear particles is responsible for decreasing bone density [9, 15] and progressive osteolysis [14] through bone resorption in the acetabulum and femur [9, 20] . The incidence of granulomatous osteolytic lesions was exceptionally high among our patients, in both proximal femur and acetabulum, and clearly increasing with time after operation; we found scores equal to or greater than those recorded by other authors for various femoral stems [4] , including the International ABG Study Group [9] . In the acetabulum we found a growing and worrying incidence of osteolytic lesions in all zones. These lesions are granulomas containing PE wear particles [2] whose progression is favoured by acetabular cup holes, presence of spikes and screws, increased synovial fluid pressure and gravity. In any case we agree with the International ABG Study Group [9] that a problem of sensitivity to PE must be implied in the generation of these osteolytic lesions, because not all patients develop lesions of equal dimensions with similar amounts of PE wear.
Although the radiographic images of the bone around the acetabular cup gave slightly less cause for concern, preventive surgical revision of asymptomatic patients demonstrated enormous osteolytic lesions around almost the entire extension of the cup, which were held stable by only a few "flying buttresses" of bone.
We believe that this anatomical HA-coated implant should be evaluated independently from the problems caused by PE wear, which is increased and accelerated by zirconia heads. It probably would explain the difference between our radiographic outcomes and those found by other researchers who did not use zirconia heads [20] . 
